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ABSTRACT 

A Phase B Design D e f i n i t i o n  Study of a Dual-Mode 
Lunar Roving Vehic le  (DLRV) has reached i t s  midway p o i n t .  
P r e l i m i n a r y  c o n f i g u r a t i o n s  by Bendix and Grumman have been 
reviewed and accepted  by MSFC. Bendix has  proposed a 6x6 
( s i x  wheels,  s i x  motors) c a r t  and t r a i l e r  arrangement pro- 
v i d i n g  degraded o p e r a t i o n  using t h e  4x4 car t  a lone .  
Grumman has proposed a f u l l y  a r t i c u l a t e d  6x6 v e h i c l e  d r i v e n  
i n  o p p o s i t e  d i r e c t i o n s  i n  t h e  manned and unmanned modes. 

S e v e r a l  problems remain unreso lved .  B o t h  con- 
t r ac to r s  are c u r r e n t l y  e s t i m a t i n g  v e h i c l e  weights  i n  excess  
of d e s i g n  requi rements .  The a b i l i t y  of e i ther  vehicle t o  
m e e t  t h e  3 5 O  s l o p e  c l i m b i n g  requi rement  i s  i n  doubt .  I n  
a d d i t i o n ,  Bendix has based i t s  e l ec t r i ca l  power system on 
a mult ihundred w a t t  Radioac t ive  Thermoelectric Generator  
(RTG) s t i l l  i n  t h e  developmental  s t a g e s .  T h e  performance 
of t h e  Grumman wheel ,  i n  i ts  unmodified v e r s i o n ,  has  been 
w e l l  below t h a t  of  compet i t ive  des igns .  

i n  t h e  a r e a s  of s c i e n t i f i c  i n s t r u m e n t a t i o n ,  E x t r a v e h i c u l a r  
Mobi l i t y  U n i t  c a p a b i l i t i e s ,  mi s s ion  t i m e l i n e s ,  n i g h t  
o p e r a t i o n ,  and s o i l  c h a r a c t e r i s t i c s .  

MSFC has  agreed  t o  more f u l l y  d e f i n e  requi rements  
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MEMORANDUM FOR F I L E  

I N T  RODUCT I ON 

A Dual-Mode (Manned/Automated) Lunar Roving V e h i c l e  
(DLRV) i s  be ing  s t u d i e d  by t h e  Lunar Mobi l i t y  Task Team a t  
MSFC. Under c o n s i d e r a t i o n  f o r  t h e  Post-Apollo 2 0  t i m e  p e r i o d ,  
t h e  v e h i c l e  would provide  enhanced m o b i l i t y  f o r  manned l u n a r  
mis s ions  i n  a d d i t i o n  t o  being capab le  of one y e a r ' s  unmanned 
mobile s c i e n t i f i c  ope ra t ion  by remote c o n t r o l  from Ear th .  

A m i d t e r m  review of t h e  DLRV Design D e f i n i t i o n  
Study was p re sen ted  October 7 through 1 0 ,  1 9 6 9  a t  MSFC. The 
six-month s t u d y ,  suspended d u r i n g  J u l y  and August pending 
f i n a l  p r e p a r a t i o n  of a manned-only Lunar Roving Vehic le  
(LRV) s t u d y ,  w a s  r e a c t i v a t e d  a t  t h e  beginning of September. 
Bendix Aerospace Systems Divis ion  and Grumman A i r c r a f t  
Engineer ing  Corpora t ion  each p a r t i c i p a t e d  i n  t w o  days of 
review and c r i t i q u e  w i t h  MSFC's  Lunar Mobi l i t y  Task Team. 
Both c o n t r a c t o r s  have def ined  p r e l i m i n a r y  c o n f i g u r a t i o n s  
and a r e  e s t i m a t i n g  w e i g h t  and performance d a t a  from those 
d e s i g n s .  F u r t h e r  d e f i n i t i o n  of s c i e n c e  and o p e r a t i o n a l  
requi rements  by MSFC i s  necessa ry ,  however, b e f o r e  configu-  
r a t i o n s  and performance d a t a  i s  f i n a l i z e d .  

CONFIGURATION 

1. General :  Figures  1 and 2 show t h e  b a s e l i n e  con- 
f i g u r a t i o n s  of t h e  Bendix and Grumman v e h i c l e s ,  r e s p e c t i v e l y .  
B o t h  c o n t r a c t o r s  have proposed a 6 x 6 ( s i x  wheel,  s i x  motor) 
v e h i c l e ,  capab le  of  stowage i n  t w o  bays of  t h e  LM d e s c e n t  
s t a g e .  The Bendix des ign  f e a t u r e s  a f o u r  wheel  forward 
c h a s s i s  and a two whee l  t r a i l e r ,  w i t h  Ackerman s t e e r i n g  of 
t h e  f r o n t  and rear  wheel p a i r s .  The Grumman concept  i s  a 
f u l l y  a r t i c u l a t e d  v e h i c l e  w i th  t h e  f r o n t  j o i n t  locked i n  
p i t c h  f o r  c r e v a s s e  n e g o t i a b i l i t y .  Bendix has  opt imized i t s  
d e s i g n  f o r  s i x  wheeled o p e r a t i o n ,  b u t  has  a l so  provided f o r  
degraded manned o p e r a t i o n  i n  a f o u r  wheel mode. Grumman has  
proposed a double  ended c o n f i g u r a t i o n  ( d r i v i n g  i n  o p p o s i t e  
d i r e c t i o n s  manned and unmanned) t o  opt imize  arrangement of 
s c i e n t i f i c  equipment. 
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Two s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  g e n e r a l  conf igu-  
r a t i o n s  proposed by t h e  c o n t r a c t o r s  are e v i d e n t .  The Uenuix 
d e s i g n ,  w i t h  a 5 8 " ,  e q u a l  s e p a r a t i o n  wheel base  and an over-  
a l l  l e n g t h  o f  1 4 8 "  i s  cons ide rab ly  s h o r t e r  t h a n  t h e  96"  wheel 
b a s e ,  230" o v e r a l l  l e n g t h ,  Grumman concept .  (The e f f e c t  of  
t h i s  d i f f e r e n c e  on v e h i c l e  performance i s  n o t  y e t  c l ea r . )  
I n  a d d i t i o n ,  Bendix h a s  chosen t o  p l a c e  i t s  c r e w  members s i d e  
by s i d e  a t  t h e  f r o n t  of t h e  v e h i c l e .  Grumman, assuminy p r i -  
m a r i l y  s i n g l e - a s t r o n a u t  o p e r a t i o n ,  has  p l aced  on ly  one crew 
member i n  t h e  forward d r i v i n g  p o s i t i o n ,  w h i l e  making pro-  
v i s i o n  f o r  a second crewman w i t h  a s l i n g  l o c a t e d  between t h e  
f r o n t  two v e h i c l e  s e c t i o n s .  

The o v e r a l l  approaches t a k e n  by t h e  two c o n t r a c t o r s  
s e e m  t o  be s l i g h t l y  d i f f e r e n t .  Bendix has  produced a d e s i g n  
which i s  e s s e n t i a l l y  an e x t e n s i o n  of  t h e  manned four-wheeled 
LRV. Grumman, on t h e  o t h e r  hand, has  produced an independent  
six-wheeled concept .  

2 .  Wheels and Suspension: The wheel and suspens ion  
systems proposed by t h e  two c o n t r a c t o r s  i n d i c a t e  s i g n i f i c a n t  
d i f f e r e n c e s  i n  d e s i g n  phi losophy.  The metal-elastic Bendix 
wheel ,  shown i n  F i g u r e  3 ,  is a formidable  e x e r c i s e  i n  mechanical  
d e s i g n .  Due t o  t h e  complex s t r u c t u r e ,  t h e  f a t i g u e  r e l i a b i l i t y  
f o r  long  d u r a t i o n  mis s ions  remains i n  q u e s t i o n .  By comparison, 
Grumman's cont inuous  s t r u c t u r e  c o n i c a l  wheel ,  shown i n  F i g u r e  4, 
i s  an ex t remely  s imple  des ign .  Recent work of  Waterways Experi-  
ment S t a t i o n ,  however, ra ises  doubt  as t o  t h e  performance capa- 
b i l i t i e s  of t h i s  wheel i n  i ts unmodified v e r s i o n  [l]. A s  pre-  
s e n t e d  i n  t h e  c u r r e n t  s t u d i e s ,  t h e  Bendix wheel i s  32 i n c h e s  
i n  diameter w h i l e  t h e  Grumman wheel has  a 38  i n c h  d i ame te r .  
N e i t h e r  wheel appea r s  t o  provide  t h e  r e q u i r e d  s l o p e  c l imbing  
c a p a b i l i t y  of 35O i n  s o f t  soil. A s  a r e s u l t ,  b o t h  c o n t r a c t o r s  
w e r e  d i r e c t e d  t o  examine t h e  impact of low wheel l o a d i n g  
(0.1-0.2 p s i )  on performance and d e s i g n  of  t h e i r  v e h i c l e s .  

Bendix proposes  a coulomb damper t o  m e e t  i t s  sus-  
pens ion  d e s i g n  requi rements .  Th i s  d e v i c e ,  performing t h e  
same t a s k  as a h y d r a u l i c  damper, o f f e r s  h i g h e r  r e l i a b i l i t y  
fo r  t h e  long-range unmanned m i s s i o n s .  Grumman does  n o t  
i n c l u d e  a s e p a r a t e  damping system, b u t  re l ies  on s i n g l e  swing 
arm s i d e  l o a d i n g ,  s c u f f  damping, and t h e  i n h e r e n t  damping 
c h a r a c t e r i s t i c s  o f  i t s  wheel t o  p rov ide  adequate  energy  
d i s s i p a t i o n .  

have s i z e d  t h e i r  power systems f o r  t h e  manned mis s ion .  T h i s  
r equ i r emen t  comes from t h e  system weight  s e n s i t i v i t y  t o  
b a t t e r y  charge  t i m e  between s o r t i e s .  
combined Rad ioac t ive  Thermoelec t r ic  Generator (RTG)/recharge- 
able pr imary  b a t t e r y  system. 

3 .  E l e c t r i c a l  Power System (EPS)  : Both c o n t r a c t o r s  

Bendix has  chosen a 

The b a t t e r i e s  are  used as pr imary 
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b a t t e r i e s  du r ing  t h e  manned mode, and a r e  recharged  by t h e  RTG 
between s o r t i e s .  Grumman has  proposed a t h r e e  e lement ,  RTG/ 
s o l l a r  a r r a y / b a t t e r y  system f o r  t h e i r  v e h i c l e .  T h e  b a t t e r i e s  
and RTG supply primary power dur ing  manned s o r t i e s ,  whi le  t h e  
s o l a r  a r r a y  and RTG supply prime power d u r i n g  unmanned m i s -  
s i o n s .  The solar  a r r a y  i s  a l s o  used t o  r echa rge  t h e  b a t t e r i e s  
between manned sortles. 

Bendix i s  proposing t h e  u s e  of a 40  lb, nu l t ihundred  
w a t t  RTG c u r r e n t l y  under development, which r e s u l t s  i n  a t o t a l  
e l e c t r i c a l  system weight  of approximately 1 8 1  l b s .  Grurriman 
has  used t h e  more conse rva t ive  82 l b  SNAP 1 9  RTG i n  i t s  e s t i -  
mates ,  and has  a corresponding weight  e s t i m a t e  of 2 4 2  l b s .  

4 .  Weight: Table  1 p r e s e n t s  t h e  weight  e s t i m a t e s  f o r  
each  v e h i c l e .  Due t o  t h e  high cost  of l a n d i n g  payload on t h e  
moon, t h e  DLRV weight  l i m i t  of 650  l b s  i s  one of t h e  most 
impor t an t  v e h i c l e  requirements .  Unfo r tuna te ly ,  bo th  c o n t r a c t o r s  
are p r e s e n t l y  e s t i m a t i n g  v e h i c l e  weights  of approximately 
7 0 0  l b s .  MSFC has  d i r e c t e d  both Bendix and Grumman t o  p u t  
a d d i t i o n a l  emphasis dur ing  t h e  n e x t  r e p o r t  p e r i o d  on t h e  
problem of meeting t h e  weight  requirement .  

5.  A s t r i o n i c s :  The nav iga t ion ,  communication and hazard 
d e t e c t i o n  work done by t h e  c o n t r a c t o r s  t o  date  has  been c h i e f l y  
a t  t h e  concep tua l  l eve l .  Unacceptable areas have been i d e n t i -  
f i e d ,  and both  c o n t r a c t o r s  plan t o  p r e s e n t  m o r e  d e t a i l e d  
systems by t h e  nex t  monthky meeting. One of t h e  major con- 
c l u s i o n s  reached has  been t h a t  a s t r i o n i c s  f u n c t i o n s  and capa- 
b i l i t i e s  a r e  s t r o n g l y  dependent upon system weight .  I n  view 
of t h e  problems a l r e a d y  encountered w i t h  meet ing weight  
r equ i r emen t s ,  it i s  p o s s i b l e  t h a t  t h e  a s t r i o n i c s  c o n s t r a i n t s  
&ii have t o  be re-examined i n  l i g h t  of  o v e r a l l  v e h i c l e  performance. 

PERFORMANCE 

Pre l imina ry  d a t a  o n  v e h i c l e  performance i n d i c a t e s  
t h a t ,  a l though t h e  m a j o r i t y  of t h e  S ta tement  of Work (SOW) 
requi rements  w i l l  be m e t  by both v e h i c l e s ,  s e v e r a l  c r i t e r i a  
may prove d i f f i c u l t  t o  m e e t .  Table  2 p rov ides  a comparison 
of t h e  p r e d i c t e d  performance of each v e h i c l e .  Although 
Grumman has  n o t  y e t  determined a l l  of i t s  performance d a t a ,  
i t  can  s a f e l y  be assumed t h a t  no s i g n i f i c a n t  d i f f i c u l t y  w i l l  
ar ise i n  t r a v e r s i n g  a 2 7  i n c h  crevasse w i t h  a 38  i n c h  wheel. 
S t r o n g  doubt  does  e x i s t ,  however, concern ing  e i t h e r  v e h i c l e ' s  
c a p a b i l i t y  t o  n e g o t i a t e  a 35' s l o p e  i n  s o f t  s o i l .  
any major d e s i g n  changes i n  the  wheels a l r e a d y  proposed,  i t  
does  n o t  appear  t h a t  t h i s  c r i te r ia  w i l l  be  m e t .  
shown, however, t h a t  very promising r e s u l t s  can be ob ta ined  

Bar r ing  

I t  has  been 
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i n  t h i s  a r e a  w i t h  l o w  wheel loading .  I n  p a r t i c u l a r ,  whee l  bear-  
i n g  p r e s s u r e s  i n  t h e  r e g i o n  of 0 . 1  t o  0 . 2  p s i  have produced 
s l o p e  cl imbing c a p a b i l i t i e s  approaching t h e  a n g l e  of repose  of 
sandy s l o p e s  on Ea r th  [ 2 ] .  To o b t a i n  such p r e s s u r e s ,  however, 
would r e q u i r e  major r edes ign  of  t h e  e x i s t i n g  wheels ,  o r  
development of a t o t a l l y  d i f f e r e n t  wheel concept .  The q u e s t i o n  
of t h e  impact of such changes on o t h e r  v e h i c l e  parameters  must 
a l so  be i n v e s t i g a t e d .  Should such a change prove unacceptab le ,  
t h e  on ly  remaining s o l u t i o n  would be t o  r e l a x  t h e  des ign  r e q u i r e -  
ment. The f e a s i b i l i t y  of such a s o l u t i o n  i n  t h e  l i g h t  of  
unmanned science requirements  would have t o  be s t u d i e d  c a r e f u l l y .  

The o t h e r  major SOW requi rement  s t i l l  unresolved i s  
t h e  break ang le  f o r  unmanned o p e r a t i o n .  The geometry of t h i s  
a n g l e  i s  shown i n  F i g u r e  2 .  A s  t h e  science payload and ar range-  
ment are y e t  t o  be determined,  it seems l i k e l y  that ,when 
d e c i s i o n s  are made i n  t h o s e  a r e a s ,  better c o r r e l a t i o n  w i t h  t h e  
s p e c i f i c a t i o n s  w i l l  be provided. 

I t  should a l s o  be noted t h a t  t h e  Bendix v e h i c l e  does 
n o t  m e e t  t h e  t u r n i n g  r a d i u s  requi rement  of one v e h i c l e  l e n g t h .  
N o  mention of t h i s  shortcoming has  been made by e i t h e r  Bendix 
or MSFC. 

CONCLUSIONS 

1. Vehic le  Weight - Both c o n t r a c t o r s  a r e  c u r r e n t l y  pre-  
d i c t i n g  v e h i c l e  weights  w e l l  i n  excess  of d e s i g n  g o a l s .  I n  
view o f  p a s t  expe r i ence  w i t h  d e l i v e r y  v e h i c l e  payload capa- 
b i l i t i e s ,  t h e r e  i s  no reason t o  a n t i c i p a t e  room f o r  DLRV 
we igh t  growth. I t  would, t h e r e f o r e ,  s e e m  e s s e n t i a l  t o  keep 
t h e  v e h i c l e  weight  w i t h i n  i t s  650 l b  d e s i g n  g o a l .  Th i s  should 
be a major t a r g e t  of c o n t r a c t o r  e f f o r t  d u r i n g  t h e  remainder 
of  t h i s  s tudy .  

2 .  Performance - Nei ther  v e h i c l e  c u r r e n t l y  m e e t s  a l l  
performance requi rements .  I n  p a r t i c u l a r ,  t h e  35O s l o p e  capa- 
b i l i t y  requi rement  appears  t o  be a major o b s t a c l e  t o  v e h i c l e  
development. A s  bo th  c o n t r a c t o r s  have s p e n t  c o n s i d e r a b l e  
t i m e  and e f f o r t  du r ing  t h i s  and o t h e r  s t u d i e s  i n  development 
and o p t i m i z a t i o n  of t h e s e  w h e e l  d e s i g n s ,  it i s  d o u b t f u l  t h a t  
f u r t h e r  s i g n i f i c a n t  performance improvements w i l l  be  made 
w i t h o u t  major changes i n  wheel des ign .  Decreasing wheel 
l o a d i n g  t o  v a l u e s  of 0 . 1  t o  0 . 2  p s i  has  shown c o n s i d e r a b l e  
promise i n  p rev ious  s t u d i e s  [2]. However, t h e  e f f e c t  of t h i s  
m o d i f i c a t i o n  on t h e  o v e r a l l  DLRV d e s i g n  would have t o  be 
i n v e s t i g a t e d .  
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3 .  Bendix RTG - The Bendix EPS weight  summary r e l i e s  
h e a v i l y  on t h e  development of a 4 0  l b ,  mul t ihundred  w a t t  RTG. 
Doubt e x i s t s  as t o  t h e  a v a i l a b i l i t y  of t h i s  hardware i t e m  
b e f o r e  t h e  la te -1973 t a r g e t  d a t a  for  t h e  i n i t i a l  DLRV f l i g h t .  
I f ,  i ndeed ,  t h e  new RTG i s  not a v a i l a b l e ,  t h e  weight  p e n a l t y  
a s s o c i a t e d  w i t h  a SNAP 1 9  model would be i n  t h e  neighborhood 
of 42 l b s .  Cons ider ing  t h e  weight problems a l r e a d y  p r e s e n t ,  
t h i s  cou ld  be  a s e v e r e  drawback t o  t h e  Bendix d e s i g n .  

4. Grumman Wheel - Tests a t  Waterways Experiment 
S t a t i o n  [l] i n d i c a t e  t h a t  unmodified c o n i c a l  wheel performance 
i s  a factor  o f  2 poore r  t h a n  t h a t  of t h e  Bendix wheel.  Although 
t h e s e  r e s u l t s  w e r e  s i g n i f i c a n t l y  improved by t h e  a d d i t i o n  o f  
g r o u s e r s ,  t h e  impact  of t h e  m o d i f i c a t i o n  on v e h i c l e  w e i g h t ,  
performance and r e l i a b i l i t y  should be  c a r e f u l l y  s t u d i e d .  

5. MSFC d e f i n i t i o n :  Several areas w i t h i n  t h e  s t u d y  
scope  are y e t  t o  be f u l l y  d e f i n e d  by MSFC. Among t h e  m o r e  
i m p o r t a n t  of t h e s e  are s c i e n t i f i c  i n s t rumen t  r equ i r emen t s ,  
E x t r a v e h i c u l a r  M o b i l i t y  Uni t  d e f i n i t i o n ,  m i s s i o n  t i m e l i n e  
r equ i r emen t s  (number of sorties p e r  day ,  d u t y  c y c l e s ,  e t c . ) ,  
n i g h t  o p e r a t i o n a l  r equ i r emen t s ,  and s o i l  characterist ics.  
M e m b e r s  of t h e  Lunar M o b i l i t y  Task Team w i l l  unde r t ake  t o  
d e f i n e  t h e s e  areas as soon as possible.  

MSFC h a s  a c c e p t e d  t h e  p r e l i m i n a r y  c o n f i g u r a t i o n  
d e c i s i o n s  proposed by Bendix and Grumman. I t  remains f o r  t h e  
c o n t r a c t o r s  t o  proceed w i t h  d e t a i l e d  d e s i g n .  The n e x t  s t u d y  
review, scheduled  for mid-November, should  p r o v i d e  a b e t t e r  
basis  f o r  comparison of t h e  t w o  vehicles  -- 
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ITEM 

Mobility 
Drive 

Wheels 

Suspension 

Chassis 

Con troller 

TABLE 1 
DLRV WEIGHT SUMMARY ( L b s .  ) 

BENDIX 

(341.6) 
75 

84.6 

65 

6 5  

34 

Steering 14 

Crew Systems (40) 

Electrical Power System (181) 

RTG 40 

Batteries 116 

Solar Array 

Distribution 

Power Conditioning 25 

Astrionics (104.9) 

Navigation 27.7 

Communication 43.9 

Remote Control 10 

Hazard Detection 23.3 

Thermal Control 

Tiedown and Unloading 

-*, 

697.5 

GRUMMAN 

( 2 9 9 )  
69  

7 5  

30 

77 

3 0  

18 

( 3 9 )  

(176) 

35 

39 

49 

38 

15 

(127) 

14 

6 9  

24 

20 

700 

"Thermal Control weight estimates included'in each individual 

subsystem. 



BELLCOMM, INC. 

TABLE 2 

DLRV PERFORMANCE 

Requirement 3endix Grumman I Category 

S t a t i c  S t a b i l i t y  
P i t c h  

R o l l  

> 4 5 "  

>45 '  

46"  

50'  

4 5 "  

57O 
~ 

4 3 "  

15 'I 

S t e p  Obstacle 
Manned 

Unmanned 

> 3 9 . 4 "  (1 m e t e r )  

>11.8" (30  c m )  

4 6 

46"  

Crevasse  
Manned 

Unmanned 
1 Wheel 
2 Wheels 

> 2 7 . 5 "  ( 7 0  c m )  2 7 . 6 "  TBD 

TBD 
TBD 

> 2 7 . 5 "  ( 7 0  c m )  
> 3 9 . 4 "  (1 meter) 

7 6 "  
7 0 "  

Slope  
Manned 
Unmanned 

Break Anqle 
Manned 

Latera l  
Longi tude 

> 3 5 "  

> 35"  

3 0 "  

2 4 "  

TBD 

TBD 

< 35"  
< 35"  

3 1 "  
27.5' 

2 0 "  
27'  

TBD 
TBD 

Unmanned 
Lateral  
Longi tude 

Turn Radius 

< 35O 
< 35O 

< 1 Veh. Length 
(Bendix 14 8" ) 
(Grumman 2 3 0 " )  

1.9 5 

TBD: To be determined.  

01: Does n o t  m e e t  SOW requirement .  


